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Introduction {#sec005}
============

Polymyositis (PM) and Dermatomyositis (DM) are heterogeneous complex autoimmune diseases that primarily target skeletal muscles and skin. They are characterized by progressive systematic proximal muscle weakness and erythematous rash. PM/DM can also present with multi-organ or systemic manifestations and a significant increase in the incidence of interstitial lung disease (ILD) \[[@pone.0161436.ref001], [@pone.0161436.ref002]\]. Although the etiopathogenesis of PM/DM remains unclear, the hallmark of the disease is lymphocytic infiltration of muscles, muscle inflammation, and chronic muscle dystrophy \[[@pone.0161436.ref003], [@pone.0161436.ref004]\]. The prevailing paradigm is that muscle lesions in patients with PM/DM are populated with CD4^+^ T and CD8^+^ T lymphocytes and MHC-I, which orchestrate muscular damage \[[@pone.0161436.ref005]--[@pone.0161436.ref010]\]. At present, we are unable to make accurate predictions on the basis of clinical characteristics. Few reliable prognostic indicators were available.

Recently, it was found that HMGB1 protein is belong to the family of damage-associated molecular patterns, which includes endogenous ligands of pattern recognition receptors. HMGB1 could be released by necrotic cells and play a vital role in innate and adaptive immunity \[[@pone.0161436.ref011]--[@pone.0161436.ref013]\]. Increased serum and/or plasma levels of HMGB1 have been reported in several human autoimmune diseases such as systemic lupus erythematosus (SLE) and rheumatoid arthritis \[[@pone.0161436.ref013]--[@pone.0161436.ref015]\], indicating the involvement of HMGB1 in the pathogenesis of these autoimmune diseases. Although it has also been reported that HMGB1 may play an important role in the occurrence of PM/DM \[[@pone.0161436.ref016]\], the role of HMGB1 in the diagnosis of PM/DM patients who have ILD complications and how HMGB1 may help predict disease outcome remains poorly understood.

In this study, we analyzed the HMGB1 expression in serum samples from patients with new-onset PM/DM and compared these results to their clinical characteristics of PM/DM patients. We hope to identify new biomarkers or predicator of inflammatory myopathies for disease activity and progression of ILD and prognosis. Our results provide evidence that HMGB1 is over-expressed in new-onset PM/DM patients with ILD, and may serve as an indicator of disease progression and help predict poor outcomes.

Materials and Methods {#sec006}
=====================

Subjects {#sec007}
--------

For this study, 34 Han Chinese patients with new-onset PM/DM who did not receive previous treatment were chosen from a cohort of 210 PM/DM patients. All study participants gave informed written consent for their participation. They consisted of 11 PM and 23 DM patients, 8 males and 26 females. Normal HMGB1 levels also were measured in 34 healthy control subjects, all of whom gave informed written consent for participation in this study. These individuals, who had no signs of inflammation, neoplasm, autoimmune and metabolic diseases, underwent a routine evaluation at the China-Japan Friendship Hospital Health Examination Department. There were no significant differences between the PM/DM patients and control subjects with regard to age or sex distribution. Inclusion in the present study required the new-onset patients as well as availability of appropriate clinical data. This study protocol was approved by the ethical committee of China-Japan Friendship Hospital.

Reagents and antibodies {#sec008}
-----------------------

A commercial ELISA (enzyme-linked immunosorbent assay) kit specific for detecting serum concentrations of HMGB1 was purchased from SHINO-TEST (Kanagawa, Japan).

Measurement of serum HMGB1 concentration {#sec009}
----------------------------------------

Serum samples were obtained from 34 patients at the time of their initial diagnosis, prior to any treatment. All blood samples were separated at 4°C within 60 min after venipuncture and collected in Sterile Eppendorf tubes (size: 1.0 ml). Then, it was stored at -80°C until analysis. Serum HMGB1 levels were measured using a commercially available ELISA kit for HMGB1 antigen according to the manufacturer's protocol. Each sample was tested in duplicate. The 34 healthy sera were run in the same assay. The detection limit of this assay was 1.0 ng/ml.

Clinical assessment {#sec010}
-------------------

Complete medical records were obtained, and physical examinations and laboratory tests were conducted for all patients at their first visit. Routine laboratory assessments were performed, including determining of levels of serum creatine kinase (CK), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), hydroxybutyrate dehydrogenase (HBDH), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), electromyography (EMG); and high resolution computerized tomography (HRCT).

Statistical analysis {#sec011}
--------------------

Data are presented as medians and interquartile ranges (25th--75th percentiles; IQRs), absolute values and percentages, or means ± a standard deviation (SD). The nonparametric data of survivors and non-survivors were compared using the Mann---Whitney U test, and categorical variables were compared using the chi-square test. To determine the prognostic accuracy of HMGB1 at initial visit, the receiver operating characteristic (ROC) curves were constructed and the areas under the curve (AUC) of the 95% confidence interval (CI) were calculated. The level of p values less than 0.05 were considered statistically significant for all tests. The analyses were performed using SPSS 15.0 software (SPSS, Chicago, IL, USA).

Non-parametric methods were used for statistical comparisons because the data showed a non-normal distribution. Statistical differences with respect to HMGB1 levels between independent groups were calculated using the Kruskall---Wallis test followed by the Mann---Whitney U test. The Wilcoxon signed rank test for paired samples was used to compare differences between variables in matched samples. Correlations between different variables in patients were identified using the Spearman rank correlation test. Fisher\'s exact probability test was used to assess differences between groups with regard to disease characteristics. Survival curves were plotted using the Kaplan---Meier method and compared using the log-rank test. The Cox proportional hazards model was used in a multivariate analysis to analyze the impact of several variables on survival. The following prognostic factors for mortality were analyzed: age at initial visit; sex; presence of skin ulcers, presence of typical rashes; ILD complications; cardiac involvement, levels of creatine kinase at initial visit. There were no missing values among the prognostic factors in the data set. All HMGB1 values are expressed as medians and as means ± standard error of the mean. Patients\' age and disease duration are reported as the mean ± standard deviation. P values less than 0.05 were considered significant.

Results {#sec012}
=======

Demographic characteristics, clinical and laboratory data of patients and controls {#sec013}
----------------------------------------------------------------------------------

The clinical parameters of all patients are summarized in [Table 1](#pone.0161436.t001){ref-type="table"}, which include age, gender, and laboratory data. We found that there were no significant differences between the ages, gender, creatine kinase levels, and ESR in PM/DM patients with and without ILD.

10.1371/journal.pone.0161436.t001

###### Clinical profile of PM/DM patients.

![](pone.0161436.t001){#pone.0161436.t001g}

                                                      All          PM           DM          PM/DM-ILD   PM/DM without ILD   P value
  --------------------------------------------------- ------------ ------------ ----------- ----------- ------------------- ---------
  No. of patients                                     34           11           23          13          21                  NA
  Male: Female ratio                                  1:3.4        1:3.5        1:2.1       1:2.3       1:2.7               \>0.05
  Mean age ±S.D at initial visit (y)                  47.8±15.4    45±18.3      49.5±13.6   47.3±16.2   46.3±19.4           \>0.05
  Creatine kinase at initial visit, mean ±SD (IU/L)   1391.6±956   2300.4±741   895.9±288   1218±455    1631±461            \>0.05
  ESR at initial visit, mean ±SD (mm/h)               24.7±2.5     25.4±3.7     24.3±3.4    24.6±3.2    25.7±3.8            \>0.05

PM: polymyositis, DM: dermatomyositis, ILD: interstitial lung disease, PM/DM -ILD: myositis complicated with interstitial lung disease; ESR: erythrocyte sedimentation rate; SD: standard deviation. NA: not assessed.

Increased serum HMGB1 expression in PM/DM patients {#sec014}
--------------------------------------------------

To assess the relationship between HMGB1 expression and PM/DM disease progression, we measured serum HMGB1 levels in PM/DM patients with and without ILD by using ELISA. The results are shown in [Fig 1](#pone.0161436.g001){ref-type="fig"}. Serum levels of HMGB1 in patients with PM were 12.75 ng/ml (4.34--25.07 ng/ml), and those in DM were 20.75 ng/ml (3.80--124.88 ng/ml), while those in healthy controls were 5.64 ng/ml (2.71--8.71 ng/ml). HMGB1 levels in both PM or DM patients were significantly higher than those healthy controls. However, there were no significant differences between the HMGB1 levels of PM and DM patients ([Fig 1A](#pone.0161436.g001){ref-type="fig"}). In contrast, the levels of HMGB1 in PM/DM patients with ILD were markedly higher than those in patients without ILD ([Fig 1B](#pone.0161436.g001){ref-type="fig"}). These results indicate that HMGB1 levels can be a clinical marker for distinguish PM/DM patients with ILD from those without ILD.

![Serum HMGB1 levels in PM/DM patients with and without ILD.\
A) Significantly higher serum levels of HMGB1 were found in PM patients \[12.75 ng/ml (4.34--25.07 ng/ml), p \<0.001\], and in DM patients \[20.75ng/ml (3.80--124.88 ng/ml), P\<0.001\] than in healthy controls \[5.64 ng/ml (2.71--8.71 ng/ml)\]. B) Importantly, HMGB1 levels in PM/DM patients with interstitial lung disease (ILD) were 25.84 ng/ml, which was significantly higher than those in PM/DM patients without ILD \[12.68ng/ml\] (P\<0.05).](pone.0161436.g001){#pone.0161436.g001}

Diagnostic value of HMGB1 in PM/DM patients with ILD {#sec015}
----------------------------------------------------

To explore the exact impact of HMGB1 levels on the disease progression of PM/DM patients with ILD, we examined the ROC curves for these patients. The results are shown in [Fig 2](#pone.0161436.g002){ref-type="fig"}. The ROC cutoff value of serum HMGB1 levels that distinguishes PM/DM patients with ILD from those without ILD is 14.5ng/ml. The range value of AUC values for PM/DM patients with and without ILD is 0.77--0.98. The diagnostic sensitivity and specificity for PM/DM with ILD is 84.6%and 89% respectively. These data demonstrated that there is a significant difference between the HMGB1 levels of PM/DM patients with ILD and the HMGB1 levels in those without ILD. This finding suggested that serum HMGB1 levels could be regarded as parameter for distinguishing these two patient populations.

![A receiver operating characteristic (ROC) curve analysis to determine an HMGB1 cutoff value (14.5ng/ml), which best distinguishes PM/DM patients with ILD from those without ILD.\
The area under curve (AUC) is 0.87±0.05, and the 95% CI is 0.77--0.98. The diagnostic sensitivity and specificity were 84.6% and 89%, respectively.](pone.0161436.g002){#pone.0161436.g002}

HMGB1 expression correlates with prognosis in PM/DM patients {#sec016}
------------------------------------------------------------

The impact of serum HMGB1 levels on long-term survival rates also was investigated as well. We analyzed overall survival times for patients with different HMGB1 levels. The results are shown in [Fig 3](#pone.0161436.g003){ref-type="fig"}. Patients with higher HMGB1 (≥ 14.5 ng/ml, ROC cutoff value) had significantly worse prognosis than those with lower HMGB1 levels (\< 14.5 ng/ml) (log-rank test, p = 0.021) in a 1200-week survival analysis. These findings also indicate that serum HMGB1 levels are a strong prognostic factor for PM/DM patient survival.

![Kaplan---Meier survival analysis of overall survival rates in all patients according to serum HMGB1 levels.\
The log-rank test was used to calculate p values. High HMGB1 levels were ≥14.5 ng/ml, while low HMGB1 levels were \<14.5ng/ml.](pone.0161436.g003){#pone.0161436.g003}

Multivariate Cox hazard analysis also confirms that serum HMGB1 higher levels in PM/DM patients (≥ 14.5 ng/ml, ROC cutoff value) (HR = 2.10; 95% CI 1.13--5.52; p = 0.023) are an adverse prognostic factor. In addition to high HMGB1 levels, ILD complication was also associated with poorer prognosis (HR = 2.52; 95% CI 1.76--6.03; p = 0.021) ([Table 2](#pone.0161436.t002){ref-type="table"}). No significant differences were found regarding age, gender, presence of typical rashes, presence of skin ulcers, or cardiac involvement.

10.1371/journal.pone.0161436.t002

###### Multivariate Cox Proportional Hazard Model Evaluation of Mortality.

![](pone.0161436.t002){#pone.0161436.t002g}

                                     Hazard Ratio   Confidence Interval   P Value
  ---------------------------------- -------------- --------------------- --------------------------------------------
  Age at initial visit (years)       1.02           0.98--1.05            0.053
  Sex                                0.75           0.18--2.23            0.371
  Typical rashes                     1.01           1.00--1.02            0.065
  Skin ulcers                        1.57           0.63--3.90            0.059
  Creatine kinase at initial visit   1.07           0.33--3.49            0.704
  Complicated with ILD               2.52           1.76--6.03            0.021[\*](#t002fn001){ref-type="table-fn"}
  Cardiac involvement                0.51           0.12--1.04            0.447
  HMGB1 level (cutoff 14.5ng/ml)     2.10           1.13--5.52            0.023[\*](#t002fn001){ref-type="table-fn"}

\*\<0.05

Discussion {#sec017}
==========

In the present study, we retrospectively investigated serum HMGB1 levels of total 34 PM/DM patients with and without ILD, especially their association with clinical features and potential prognostic value. Our results indicate that serum HMGB1 levels in PM/DM patients are an important biomarker associated with their clinical characteristics as well as with disease outcome.

HMGB1 is a multifunctional protein that is involved in transcription control, DNA repair and response to infection and inflammation. HMGB1 is rapidly moved from the nucleus into the cytoplasm and circulation during inflammation \[[@pone.0161436.ref016]\]. It also promotes the release of cytokines \[[@pone.0161436.ref011], [@pone.0161436.ref012]\] and attracts inflammatory cells \[[@pone.0161436.ref017]\]. It was reported that HMGB1 is involved in a few autoimmune diseases such as RA \[[@pone.0161436.ref013]\], SLE \[[@pone.0161436.ref014]\] and idiopathic inflammatory myopathies (IIM) \[[@pone.0161436.ref015]\]. One possible mechanism for HMGB1's role in autoimmune diseases is that it may induce muscular dysfunction in PM /DM patients \[[@pone.0161436.ref018]\]. It also promotes autophagy of muscle fibers \[[@pone.0161436.ref019]\]. An experiment showed that HMGB1 proteins exist in adult skeletal muscle fibers \[[@pone.0161436.ref020]\]. These studies demonstrated that HMGB1 causes muscle weakness by triggering the dysfunction of muscle fibers. Therefore, HMGB1 levels may be related to the clinical characteristic of PM/DM patients. Our results showed that HMGB1 levels in PM/DM patients are significantly higher than those in healthy controls. However, there is no difference between the HMGB1 levels of PM and DM patients. Furthermore, the PM/DM -ILD patients have markedly higher levels of HMGB1 than do PM/DM patients without ILD. It is well known that PM/DM involved the lungs in addition to affecting muscle and skin \[[@pone.0161436.ref021]\]. Clinical studies shown that PM/DM patients with ILD have bad disease-free survival time \[[@pone.0161436.ref022]--[@pone.0161436.ref024]\]. The present data indicates that the HMGB1 gene also be involved in the pathogenesis of ILD.

PM/DM is a kind of autoimmune disease in which immunological molecules attack skeletal muscules \[[@pone.0161436.ref025]\]. Emerging evidence is showing that HMGB1 promotes the release of proinflammatory cytokines and regulates muscle fiber regeneration \[[@pone.0161436.ref011], [@pone.0161436.ref015], [@pone.0161436.ref026]\]. It appears to be a late mediator in inflammation \[[@pone.0161436.ref017], [@pone.0161436.ref027], [@pone.0161436.ref028]\]. Clinical investigations have shown that the presence of autoantibodies to HMGB1 are beneficial to sepsis patients \[[@pone.0161436.ref029]\]. Our ROC curves show that high HMGB1 levels differentiate PM/DM patients with ILD from those without ILD (AUC = 0.87±0.05; 95% CI = 0.77--0.98). Our data revealed that patients with high levels of HMGB1 had short disease-free survival time compared with patients with lower levels of HMGB1 expression.

The prognostic factors of PM/DM-ILD patients have been extensively studied, which include acute progressive ILD, auto-antibodies to different self-antigen high levels of serum ferritin \[[@pone.0161436.ref030]--[@pone.0161436.ref033]\] and myocardial infarction \[[@pone.0161436.ref034], [@pone.0161436.ref035]\]. Interest, a high HMGB levels occurred in PM/DM and myocardial infarction. This demonstrated that HMGB1 may have effect on muscle function. Our Kaplan---Meier survival curves and Cox hazard analyses indicate that serum HMGB1 levels in the PM/DM-ILD group is markedly higher than that in the non-ILD PM/DM group. Moreover, patients in the PM/DM---ILD group had poorer survival rates than did the non-ILD PM/DM group. Our results only indicated that a high serum HMGB1 may predict the outcomes in PM/DM with ILD. More underlying mechanism need be clarified.

Conclusion {#sec018}
==========

Our multivariate analysis results revealed that HMGB1 expression is an important indicator of disease progression in PM/DM patients. It also may be a useful marker for distinguishing PM/DM patients with ILD from those without IID and a possible prognostic indicator for patient survival.

This study was funded by the General Program of the National Natural Science Foundation of China (Grant No. 81571603), the Major Research Plan of the National Natural Science of China (Grant No.91542121), the Youth Program of the National Natural Science Foundation of China (Grant No.81401363), the Capital Health Research and Development of Special Programs (Grant No. 2014-4-4062), and the International Cooperation Project from State Ministry of Science and Technology of China (Grant No. 2014DFA31490).

[^1]: **Competing Interests:**The authors declare that there is no conflict of interest.

[^2]: **Conceptualization:** GW.**Data curation:** XL.**Funding acquisition:** GW XS.**Investigation:** XS.**Methodology:** QP.**Resources:** XL.**Validation:** GW.**Writing - original draft:** XS.**Writing - review & editing:** QP.
